We use the Bayesian approach to write the posterior probability density for the threedimensional velocity of a pulsar and for its kinematic age. As a prior, we use the bimodal velocity distribution found in a recent article by Verbunt, Igoshev & Cator (2017) . When we compare the kinematic ages with spin-down ages we find that in general they agree with each other. In particular, maximum likelihood analysis sets the lower limit for the exponential magnetic field decay timescale at 8 Myr with slight preference of t dec ≈ 12 Myr and compatible with no decay at all. One of the objects in the study, pulsar B0950+08 has kinematic and cooling ages ≈ 2 Myr which is in strong contradiction with its spin-down age τ ≈ 17 Myr. The 68 per cent credible range for the kinematic age is 1.2-8.0 Myr. We conclude that the most probable explanation for this contradiction is a combination of magnetic field decay and long initial period. Further timing, UV and X-ray observations of B0950+08 are required to better constrain its origin and evolution.
INTRODUCTION
The knowledge of precise radio pulsar ages is important because this parameter helps us to constrain fundamental physical processes in neutron star (NS) such as NS cooling (probing the properties of matter in the core) and the evolution of magnetic fields and obliquity angle (probing the properties of matter in the outer crust and magnetosphere, see examples in Yakovlev & Pethick 2004; Noutsos et al. 2013; Chanmugam 1992; Igoshev & Popov 2015; Biryukov et al. 2017) . The kinematic age is the ratio of the NS displacement from the Galactic plane (birth location of OB stars which are NS progenitors) to NS vertical speed. The kinematic age is independent of the model for NS interior, which makes it especially useful test for internal pulsar timescales. Another age estimate, so called spin-down age τ = P/(2 P) where P is the rotational period and P is the period derivative of the pulsar, is strongly sensitive to the magnetic field and obliquity angle evolution as well as to initial NS properties, see e.g. Igoshev & Popov (2014) .
For isolated radio pulsars with spin-down ages below ≈ 20 Myr (quarter of the Galactic vertical oscillation period which is ≈ 87 Myr according to Binney & Tremaine 2008) the kinematic ages can be estimated unambiguously. Older pulsars could have completed a few oscillation cycles in the Galactic gravitational potential and the probability of different ages splits equally between multiples of the vertical oscillation period. Pulsars with spin-down ages τ < 20 Myr E-mail: ignotur@gmail.com are especially useful to test models of the magnetic field evolution which might occur on a 10 Myr timescale according to older works by Lyne et al. (1985) and Narayan & Ostriker (1990) . This magnetic field decay timescale was studied in multiple population synthesis (Bhattacharya et al. 1992; van Leeuwen & Verbunt 2004; van Leeuwen 2004; Lorimer et al. 1997; Faucher-Giguère & Kaspi 2006) : no convincing evidences were found for it, except a recent work by Cieślar et al. (2018) who identified timescale of 4 Myr.
The main reasons to re-analyze the kinematic ages (after the work by Noutsos et al. 2013) are the new precise measurements for the parallax and proper motion by Deller et al. (2018) and the introduction of a new bimodal velocity distribution derived in Verbunt, Igoshev & Cator (2017) . This velocity distribution is significantly different from the earlier used distribution by Hobbs et al. (2005) and more similar to earlier estimates derived in Arzoumanian, Chernoff & Cordes (2002) . The kinematic ages of radio pulsars are quite sensitive to unmeasurable radial velocity, therefore a use of more precise velocity distribution is important to derive a correct kinematic age estimate. The secondary reason is to introduce proper treatment of uncertainties in distance and proper motion measurements.
Unlike simple analysis of kinematic -spin-down ages diagram criticized in Lorimer et al. (1997) , our analysis includes radial velocities, unknown birth location and initial spin-down ages. Unlike the population synthesis approach, our analysis is independent of luminosity function and exact beaming model.
Among other things, we highlight here the pulsar B0950+08 (alternative name J0953+0755) with kinematic and thermal age t ≈ 2 Myr which is much smaller than its spin-down age. This is expected to be observed if some of NS experiences faster magnetic field evolution or are born with longer initial periods. The article is structured as follows: in the third Section we derive the posterior distribution for the total velocity and show to what extent it is sensitive to the unknown radial component; in the fourth Section we introduce an analytical estimate for the kinematic age and elaborate on it to take the following effects into account: uncertain latitudinal velocity, uncertain birth position and distance. At the end of this section we show where this analytical approach is accurate and introduce a proper treatment of the Galactic gravitational potential and perform Markov Chain Monte Carlo simulations for the kinematic age of B0950+08. In the fifth section we describe a maximum likelihood method to estimate the magnetic field decay timescale and show the results. In the last section we discuss obliquity angle evolution and compare it with new estimates of the kinematic ages.
SAMPLE
The primary task of this article is to develop a formalism which can be used further in application to individual objects. For illustrative purposes and to study the effects of the possible magnetic field and obliquity angle evolution we use the same sample as in Verbunt et al. (2017) adding measurements from Deller et al. (2018) restricting ourself to objects with τ < 20 Myr moving away from the Galactic plane. It makes 43 objects in total.
This sample contains the most precise measurements of the parallax and proper motions for isolated radio pulsars available today from works by Brisken et al. (2002 Brisken et al. ( , 2003 ; Chatterjee et al. (2001 Chatterjee et al. ( , 2004 Chatterjee et al. ( , 2009 Deller et al. (2009 Deller et al. ( , 2018 ; Kirsten et al. (2015) . All these measurements are performed by means of radio interferometry with very long baseline. The list of pulsar names can be found in Table 1 .
POSTERIOR VELOCITY DISTRIBUTION
The posterior velocity distribution is useful for the forward and backward orbit integration as well as to estimate the effects of the source motion on its timing properties (Shklovskii 1969; Camilo et al. 1994) . This is more important for millisecond radio pulsars because of their small magnetic fields. For one of the fastest radio pulsar in our sample (J1509+5531) the Shklovskii correction is ∆ P ≈ 4 × 10 −17 while its period derivative is P ≈ 5 × 10 −15 .
The posterior distribution is composed -in accordance to the Bayesian theorem -of a likelihood function and of a prior. The latter one is the optimal velocity distribution derived for the whole sample of young NSs. A use of prior is essential in the case of isolated radio pulsars since it supplies information about the missing radial velocity.
The likelihood function is the conditional probability to measure parallax and proper motion µ α , µ δ given distance D, absolute value of velocity v, and velocity vector orientation angles ξ 1 , ξ 2 . These angles are the azimuth in the plane of sky (0 ≤ ξ 2 ≤ 2π ) and the angle between line of 
1. Dehnen & Binney (1998 ) 2. Reed (2000 3. Verbunt et al. (2017) 4. Philippov et al. (2014) sight and velocity vector (0 ≤ ξ 1 ≤ π). The measured values are considered to be independent, therefore the likelihood is a multiplication of independent probabilities:
where g D and g µ are the normal distributions with zero mean and standard deviations σ , σ α and σ δ which correspond to observational uncertainties for parallax and proper motion respectively. These functions are written explicitly in Verbunt et al. (2017) , see also a discussion about g D in Bailer-Jones (2015) and Igoshev et al. (2016b) .
The prior is a multiplication of functions describing the distance and velocity distribution (sum of two Maxwellians):
The form of the spatial density f D (D) for radio pulsars was introduced in Verbiest et al. (2012) . The theta function Θ(zv z ) of vertical height z and vertical velocity v z implements the semi-isotropy condition: young pulsars move away from the Galactic plane. If older pulsars are considered, the theta function should be removed from the joint probability. Values for w, σ 1 and σ 2 are summarized in Table 2 . The joint probability P sim (v, D, ξ 1 , ξ 2 , , µ α * , µ δ ) is a multiplication of eq. (1) and (2) which is equal to eq. (28) in Verbunt et al. (2017) . Here we integrate the velocity orientation angles out:
The much simpler analytic eq. (19) from Verbunt et al. (2017) written for the isotropic velocity distribution cannot be used because it depends on the velocity component in each direction and does not allow us to estimate the speed. The details of integration are presented in Appendix A. To get the posterior distribution for the absolute value of velocity, an additional integral is computed:
This integral is easy to estimate based on previous calculations, simply adding up all posteriors values P(v i , D j ) for fixed velocity v i .
Results
An example of the posterior velocity distribution for PSR J0332+5434 based on its parallax and proper motion measurements from Brisken et al. (2002) is presented in Figure  1 . The function peaks close to the nominal value of the distance D = 1/ and transversal velocity v = κ µ t / where κ = 4.74 km s −1 yr kpc −1 is a unit conversion coefficient. It follows a line v = κ µ t D 1 . The probability density has a long tail in the direction of large velocities because the radial component is not measurable and is drawn from the sum of two Maxwellians. When the velocity is used to estimate the kinematic ages, the tail contributes to the shortest age estimates. Values of the velocity computed with resolution 12 km s −1 are summarized in Table 1 together with their 68 per cent credible intervals.
POSTERIOR KINEMATIC AGE DISTRIBUTION
The kinematic age of a young radio pulsar (τ < 20 Myr, see Section 4.4 for discussion) at Galactic latitude b is defined as:
where the actual velocities v b and v r are in the Galactic latitude and the radial direction respectively corrected for the motion of the local standard of rest. It is assumed that the pulsar was born at a distance z 0 from Galactic plane. This estimate works only for pulsars with noticeable motion directed away from the Galactic plane. The immediate consequence of eq. (5) is that an unknown radial velocity is getting more important for older pulsars which are far away. The eq. (5) depends on actual distance, radial and latitudinal velocities and birth height. These are considered to be random unknown values which are specified by setting the priors and likelihood functions. As soon as posteriors for each of these variables are constructed, we can draw a sample from each posterior and estimate the age for each individual element from the sample using eq. (5). We follow this path performing as many steps analytically as it is possible. The deterministic relation between age, distance and velocity makes us to write p(t|D, z 0 , v b , v r ) in form of a delta function. To avoid dealing with delta function we can also introduce the normal distribution with standard deviation σ t which tends to zero: while "+" sign shows the most probable value for distance and velocity. Red dashed and blue solid contours correspond to 68% and 95% of the integrated probability respectively.
The joint probability is written as:
where G(x|σ x ) is zero-centered normal distribution in form:
The prior distribution for birth heights is exponential:
The value of h OB is given in Table 2 . The prior in this form includes also disadvantageous birth positions such as birth location below the Galactic plane for pulsar which is observed above the Galactic plane now. The prior f z (z 0 ) complements f D (D) since we are interested in relating NS with their progenitors which have different Galactic scale height than currently observed pulsar ensemble. After the joint probability eq. (7) is written, we start deriving the posterior distribution.
Kinematic age with accurate latitudinal velocity, birth height and distance
The first step is a pure mathematical exercise which is added here to show the essential role of unknown radial velocity in the kinematic age estimate. The simplest kinematic age estimate is based on nominal values of distance, latitudinal velocity and the radial velocity distribution. To get this estimate we integrate the eq. (7) over the unknown radial velocities:
The integral is split into a sum of two integrals: each of them corresponds to one mode of the velocity distribution. Inside both integrals the terms
do not depend on radial velocity and are moved outside of the integral. The remaining part is:
This integral can be computed analytically:
Here we assume that σ t → 0 and the normal distribution which includes σ t is properly normalized. The total conditional probability for the case z 0 = 0 is a sum of two modes:
An example of this conditional probability is plotted in 
Kinematic age with accurate distance and birth height
The latitudinal velocity and its uncertainty constrain the radial component only if the prior for the velocity distribution is bimodal i.e. all velocity components can be chosen from either low or high velocity component of a sum of two Maxwellian distributions. If prior is a single Maxwellian distribution, the value of v b sets no constraints on value of v r . The optimal model for the velocity distribution of young radio pulsars in the article by Verbunt et al. (2017) contains two separate modes i.e. all three components of the velocity have to belong either to the low or high-velocity Maxwellian. This choice favors the physical explanation with two separate formation mechanisms (e.g. core collapse and e-capture supernova explosion) or single formation mechanism with two channels (whether l = 1 or l = 2 dominates in a shock instability e.g. Janka et al. 2005) and disfavors a wide velocity distribution. The eq. (10) is integrated further over uncertain latitudinal velocity v b :
The terms g ( |D) f D (D) and f z (z 0 ) do not depend on v b , so we move them out of integral. If we drop these terms for a moment, we can write the conditional probability to measure the kinematic age for a single mode of the velocity prior for a fixed actual distance as:
where σ b is an uncertainty of µ b measurement and µ Gb is correction for the Galactic rotation and peculiar velocity of the Sun. This form allows a combination of (v r , v b ) where both terms are drawn either from a Maxwellian with the standard deviation σ 1 or σ 2 . The integral in eq. (15) is computed analytically. To do so, we introduce auxiliary variables:
In this case the result of the integration is written as:
where auxiliary variables with subscripts 1 and 2 stand for ones computed with σ 1 and σ 2 . The result of the calculation according to this equation for PSR B0950+08 are shown in Figure 2 (right panel). The contribution of the second mode has strongly increased comparatively to the previous case, see left panel of the same Figure. The reason for this is that latitudinal velocity v b = 30.3 km s −1 is small, so the velocity of a pulsar is more probable to be drawn from the low-velocity than from the high-velocity component of the Maxwellian.
We test the results of the integration by performing a Monte Carlo simulations. We draw pairs v r , v b from a Gaussian with σ 1 in w cases and from Gaussian with σ 2 in 1 − w cases. After this we fix the distance at its nominal value D = 1/ = 0.26 kpc and select pairs v r , v b according to the normal distribution: we preferably leave in the sample (v r , v b ) pairs which give the proper motion in the latitudinal direction close to measured one. For all such pairs of v r , v b we compute the kinematic age using eq. (5). In Figure 2 (right panel) we show results of Monte Carlo simulation for B0950+08. The analytical probability density follows the result of the Monte Carlo simulations with high precision.
Complete description
The rigorous derivation of the posterior distribution for the case of h OB 0 (progenitors could be born above and below the Galactic plane) are summarized in Appendix B. The marginal over all variables posterior kinematic age is:
where D max = 10 kpc. This integral is computed numerically using the Gauss quadrature method with 64 nodes. For pulsars with parallaxes measured by the interferometric technique, the contribution of the distance uncertainty is quite small, see an example in Figure 3 which is quite similar to Figure 2 . The consideration of z 0 0 changes the posterior distribution very little if we use realistic value h OB = 0.05 kpc (Reed 2000). We compile estimates of the kinematic ages and its credible intervals in the Table 1 . The values presented in the Table 1 are in agreement within error bars with ones published in Noutsos et al. (2013) . There is a a single exception of PSR J1932+1059 which is one order of magnitude younger in our article. This happens because we took into account only the solution with the smallest age. We assume that pulsar did not have enough time to oscillate in the Galactic gravitational potential, while Noutsos et al. (2013) assumed a solution with larger age.
We plot spin-down and kinematic ages with its 68% credible interval in Figure 4 . It is not surprising that pulsars with large τ have larger uncertainty in the kinematic age. Such pulsars typically traveled far away from the Galactic plane which translates into large b, so the contribution of unknown radial velocity start playing significant role. 
Influence of the Galactic gravitational potential
The estimate of the kinematic age in form of eq. (5) is the first term of the Taylor series:
The second term becomes crucial when:
A typical value for the gravitational force in z-direction in the solar vicinity at distance z = 100 pc is 0.9 km s −1 Myr −1 which means that the kinematic age estimate eq. (5) is applicable for ages t < 20 Myr and velocities v z > 80 km s −1 (possible correction less than ≈ 20 per cent). In reality all slow objects in Table 1 have small spin-down ages (τ < 3 Myr) except for J0953+0755. The comparison between real physical trajectory and its simple estimate is shown in Figure 5 for PSR B0950+08. For larger radial velocities (v r > 30 km s −1 ) the difference is negligible. For small and negative radial velocities the difference is dramatic. It means that the estimate based on eq. (5), in particular analytical eq. (19) can be applied only to pulsars which show clear evidence of young ages: namely τ < 20 Myr and they move away from the Galactic plane with noticeable speed.
To check carefully how appropriate is the age estimate in the case of PSR B0950+08, we perform the Markov Chain Monte Carlo (MCMC) simulations using the backward integration. We sample the probability density in form of eq. (7) by means of the MCMC sampler emcee based on Goodman & Weare (2010) algorithm. We use 24 walkers and generate chain with length 5000 out of which the first 500 items are discarded to guarantee that chains fill the whole parametric space. Instead of the simple estimate for the kinematic age in form of eq. (5) we use the backward integration in the Galactic gravitational potential MWPotential2014 from package galpy (Bovy 2015) 2 . Each orbit is integrated for 120 Myr with 2000 integration steps. The first moment of crossing z 0 is refined by means of linear interpolation and recorded. We check the convergence of the MCMC process by two independent tests: (1) we compute the integrated auto-correlation time which consists of 78 elements (≈ 58 independent samples) and (2) we compute the ages based on eq. (5) for all generated initial conditions and check that it closely follows the analytically derived probability density, see Figure 5 .
Based on the MCMC simulations we find the most probable age of B0950+08 to be 1.76 Myr (Figure 5 ). The credible interval which contains 68 per cent of the probability density is [1.2,8.0] Myr, the credible interval which contains 95 per cent of the probability is [0.37, 17.0] Myr. The simple analytical estimates agrees with this rigorous one taking into account uncertainty ranges.
MAGNETIC FIELD EVOLUTION
The combination of kinematic and spin-down ages for a large number of pulsars allows us to test the magnetic field evolution which controls the spin-down age. To do it in quantitative way, we assume the exponential magnetic field decay:
In this case the spin-down age evolves as:
where
) is the initial spin-down age composed of the initial period P 0 and initial magnetic field B 0 .
As soon as t dec t it means that τ(t) ≈ t + τ 0 . When t > t dec we start seeing the exponential growth of the spindown age. We plot the curves τ(t) for different magnetic field decay timescales in Figure 4 . It is clear that the decay timescale cannot be less than ten Myr. The strongest restrictions on this value comes from PSR J2055+3630 and J2157+4017 for which τ ≈ t. The longer decay time t dec > 100 Myr is impossible to probe with this method. In the range of interest 1 − 20 Myr the neutron star crust is cold which means that the phonon resistivity in the crust plays no role. The essential contribution to crust resistivity originates from the crust impurity. The surface magnetic field could also be affected by magnetic field evolution in the NS core, see e.g. Graber et al. (2015) .
The initial period and magnetic field contribute to the spin-down age. In the case of B p = 10 12 G the initial spindown age translates to 0.26 Myr for P 0 = 0.1 s and to 2.37 Myr for P 0 = 0.3 s. It can cause a shift in τ relatively to τ = t line, see the gray region in Figure 4 .
Quantitative description can be derived if we invert the eq. (25):
2 http://github.com/jobovy/galpy
In principle, this function can be fitted to the data points at the Figure 4 by means of the least square technique to estimate the magnetic field decay timescale. This approach is highly inefficient because it assumes the normal distribution for uncertainties in the kinematic age and τ 0 τ or alternatively the same τ 0 for all objects.
Instead, we develop a maximum likelihood approach which makes use of complete joint probability density p( , µ b , t) and estimates the distribution of τ 0 based on earlier works. The derivations start from the joint probability:
The relation p(τ|t dec , τ 0 , t) is analytical and can be written as delta function or a normal distribution with the standard deviation which tends to zero:
The eq. (27) is integrated two times: (1) over ages and (2) over initial spin-down ages:
The integral over ages is computed analytically which leads to:
This integral is computed numerically using following prescription. First, we draw ten millions of P 0 and B 0 based on measurements from Popov & Turolla (2012) and compute τ 0 . Second, we bin τ 0 in bins of 0.4 Myr and use a linear interpolation to create numerical p(τ 0 ). Third, for each pulsar, the integral eq. (30) is computed from τ 0 = 0 till τ 0 = τ . The integral eq. (30) is a likelihood for parameter t dec of individual pulsar. The total log-likelihood is a sum of loglikelihoods for all pulsars:
There is one important caveat: the p(τ 0 ) is not known with such a great precision. Therefore, the confidence limits estimated this way are rather indicative than precise.
The maximum likelihood analysis is tested on synthetic samples prepared in following manner: real ages are drawn from the uniform distribution (0, 20) Myr. For all objects, we assume the same t dec ranging from 3 Myr to 18 Myr in different samples. The initial spin-down age is drawn the same manner as in analysis. After τ is computed for each object in the synthetic sample, we assign the normal distribution for real ages centered on generated value with the standard deviation which grows linearly with the real age. By testing the method, it become clear that (1) method estimates the t dec precisely, (2) if proper treatment of the τ 0 is not included in the likelihood (i.e. it is assumed that τ 0 = 0), the method underestimates the t dec up to 2-3 times and provides too restrictive confidence limits.
When the maximum likelihood approach is used in application to the real sample (Table 1) , we find t dec ∼ 12 ± 3 Myr, see Figure 6 . The confidence limit is estimated using assumption that 2 log L approximately follows χ 2 distribution. If we remove J0953+0755 from the sample and perform analysis once again, we get very similar result; the log-likelihood function is shifted less than 0.5 Myr. The likelihood function grows very fast toward small values of t dec rejecting all t dec < 8 Myr with 95 per cent probability. On the other hand, the likelihood function is not as restrictive toward larger values of t dec . Values of t dec > 20 Myr (theoretical application limit of the method) are still acceptable with more than 5 per cent probability. Therefore, our result is the lower limit on the magnetic field decay timescale. The lower limit for the magnetic field decay of 8 Myr translates to upper limit of the crust impurity parameter Q < 0.25 following prescription by Cumming et al. (2004) . There is a weak indication that the magnetic field does evolve on timescales comparable to the quarter of the Galactic vertical oscillation period (∼ 30 Myr). When cumulative histograms for the magnetic fields B ∝ √ P P are plotted for pulsars moving away from the plane and toward the plane in Figure 6 , there is a noticeable shift. Pulsars moving toward the Galactic plane (older) have mean log B = 11.8 while pulsars moving away from the plane (younger in general) have mean log B = 12.1.
ILLUSTRATIVE CASES
Here we discuss three pulsars which lay too far from the diagonal line of τ = t in Figure 4 .
Curious case of B0950+08
In a recent study by Pavlov et al. (2017) it has been shown that the PSR B0950+08 is too warm for its spin-down age. In the previous analysis by Noutsos et al. (2013) its kinematic age was estimated to be much smaller than the spin-down age. Our analysis reveals the most probable kinematic age to be around 2 Myr, see Figures 3,4 and 5. The most important assumption which we made during this analysis is that the pulsar is younger than ≈ 20 Myr.
Our kinematic age estimate shows that the temperature of the pulsar can be explained in framework of the minimal cooling scenario (Page et al. 2004 3 maybe with exclusion of special value of 3 P 1 gap Baldo et al. 1998 ), see Figure 7 . No additional heating sources are required.
The age of t ≈ 2 Myr suggests quite unusual magnetic field evolution such as a fast decay with timescale at once τ dec ∼ 5 Myr or shorter which is clearly incompatible with other pulsars in our sample. Another indication of fast magnetic field evolution could be strange values for P and braking index n = ν ν/ ν 2 . The braking index of this pulsar computed through second derivative of the frequency is n ≈ −2.3 × 10 3 (Hobbs et al. 2004 ) which also might be explained by missed glitches.
The fast magnetic field evolution t dec ∼ 5 Myr can be excluded if the pulsar was born with rotational period which is close to its modern value. This is quite unlikely scenario. To prove it we draw the initial spin-down age distribution based on initial periods and magnetic field distributions from Faucher-Giguère & Kaspi (2006) and Popov & Turolla (2012) . In both cases only two percent of all outcomes have initial spin down ages which exceed 17 Myr. Thus, the most probable scenario is a combination of some magnetic field decay and longer initial period.
The origin and evolution of PSR B0950+08 can be better constrained through long timing observations which would allow us to get rid of possible glitches and constrain braking index. In general we expect braking index to be n > 3 if magnetic field decays or n = 5 if the magnetic configuration is quadrupole, and n 0 if magnetic field grows rapidly as a natural outcome of for e.g. magnetic field re-emergence scenario, see Igoshev et al. (2016a) . Braking index n ≈ 3 would mean that the pulsar was most probably born with the values of period and magnetic field which are close to its modern values. . NS cooling curves prepared in framework of the minimal cooling scenario for different compositions of the envelope (H for composition with Fe, L for presence of light elements) as well as with and without 1 P 3 pairing. The box shows the 68% credible interval for age and temperature of PSR B0950+08.
Older than it seems: J0922+0638, J0629+2415
Another interesting pulsars in our sample are J0922+0638 and J0629+2415 which have the kinematic age three times large than the spin-down age. This could happen if the NS was born from a run-away progenitor or magnetic field increased due to e.g. re-emergence of the magnetic field after fall-back, see Ho (2011); Viganò & Pons (2012); Bernal, Page & Lee (2013); Igoshev, Elfritz & Popov (2016a) . If the NS progenitor was a part of binary which was disrupted, it could give NS progenitor some speed, so it could on average travel up 130 pc and in rare cases reach 1 kpc distance (Renzo et al. 2018) . The vertical distance of J0922+0638 and J0629+2415 from the plane is 0.72 kpc and 0.32 kpc, so it could be a rare case of binary disruption before radio pulsar was formed. The braking index for the first pulsar is large and positive: n ≈ 80 (Shabanova et al. 2013 ) which disfavors the magnetic field re-emergence scenario. The reason for large positive braking index is considered to be a sequence of slow glitches. The X-ray spectrum of this pulsar shows predominantly non-thermal emission (Prinz & Becker 2015) with a possible thermal contribution from a hot polar cap (Rigoselli & Mereghetti 2018 ). This situation is typical for older neutron stars (age more than 1 Myr) which agrees with the kinematic age estimate for this pulsar.
The braking index for the second pulsar is large and negative: n ≈ −210, so it could be an object with re-emerging magnetic field. On the other hand, the 95 per cent confidence interval for the kinematic age of J0629+2415 is quite wide and includes the value of its spin-down age.
DISCUSSION: EVOLUTION OF THE PULSAR OBLIQUITY ANGLE
The recent MHD simulations by Philippov et al. (2014) showed that the obliquity angle χ between the magnetic axis and the rotation axis evolves with time. The obliquity angle determines partly the braking of a pulsar in the case of plasma filled magnetosphere. The equations for the pulsar braking from Philippov et al. (2014) are:
with numerical values summarized in Table 2 . The value β = π 2 R 6 /(c 3 I) where I is the moment of inertia for the neutron star, c is the light speed and R is the NS radius.
To fit the example from Philippov et al. (2014) the value of β is chosen to be β = 3 × 10 −40 G s −2 . After the system of equations (32) is solved numerically for B p = 10 12 G, initial period of P 0 = 10 ms and initial obliquity angle χ 0 = 60 • , we compute the spin down age τ mod = P/(2 P) for each real age t based on period and period derivative. The dependence τ mod vs. t is shown in Figure 4 . This line does not differ much from τ = t. Therefore this model agrees with the observed sample of the radio pulsars.
CONCLUSION
We derive the posterior probability densities for three dimensional velocities of radio pulsars. These values can be especially useful in analysis of the millisecond radio pulsar ensemble to correct for the Shklovskii effect. We suggest a new Bayesian estimate for kinematic ages of radio pulsars with the spin-down age τ < 20 Myr. This estimates takes into account the bimodality of the velocity distribution shown in Verbunt et al. (2017) and uncertainty in distance and proper motion measurements. According to the new estimate, the lower limit on the exponential magnetic field decay timescale is 8 Myr. The maximum likelihood estimate gives slight preference for decay timescale t dec ≈ 12 Myr, and larger magnetic field decay timescales (even > 20 Myr) are compatible with observations. Absence of magnetic field decay on 1 − 20 Myr timescale does not contradict results about moderate magnetic field decay identified in Igoshev & Popov (2014) since that decay occurs much earlier (τ < 1 Myr) and it stops afterwards.
In the case of J0953+0755 two factors seem to play a role: magnetic field decay and longer initial period. The kinematic and cooling ages of J0953+0755 are ≈ 2 Myr while its spin-down age is 17 Myr which is order of magnitude larger. There are multiple explanations for this strange behavior: (1) hidden heating sources, (2) large initial rotational period and (3) complicated magnetic field evolution. The first hypothesis is adhoc and does not explain the small kinematic age of the pulsar. The second hypothesis is unlikely to be solely responsible for this discrepancy, we showed that such a combination of large initial rotational period and small magnetic field occurs in ≈ 2 percent of cases. The third hypothesis is the most probable one, since it naturally explains both strange braking index and coincidence of kinematic and cooling ages (these ages do not depend on magnetic field evolution). Complicated magnetic field evolution can be a consequence of high impurity of the inner crust. Further studies of the PSR B0950+08 (timing and X-ray) are highly desirable to better understand its unusual properties. 4x 4 − 15 8x 6 + ...
The result of integration is written as:
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